Moments play a crucial role in investigating the characteristics of charged particle multiplicities in high energy interactions. The success of any model which describes the multiplicity data can be understood well by studying the normalised and factorial moments of that distribution. The Tsallis model is one of the most successful models which describes the multiplicity spectra, transverse momentum (pT ) spectra very precisely in high energy interactions. In our previous work we have used the Tsallis q-statistics to describe the multiplicity distributions in leptonic and hadronic collisions at various energies ranging from 14 GeV to 7 TeV. In the present study we have extended our analysis for calculating the moments using the Tsallis model for e + e − interactions at √ s = 91 to 206 GeV from the LEP data and for pp interactions at √ s = 0.9 to 7 TeV in various pseudo-rapidity intervals from the CMS data at LHC. By using the Tsallis model we have also calculated the average charged multiplicity and its dependence on energy. It is found that the moments and the mean multiplicities predicted by the Tsallis model are in good agreement with the experimental values. We have also predicted the mean multiplicity at √ s = 500 GeV for e + e − collisions and at √ s = 14 TeV for pp collisions in extreme pseudo-rapidity interval, |η| < 2.4
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I. INTRODUCTION
In high energy collisions, particles are made to collide with relativistic momenta much greater than their rest masses resulting in the production of large number of particles in final state [1] from a variety of processes. These collisions can be hadronic, leptonic or heavy-ion interactions; summarized in the form of reaction, for leptonic collision as l-l → X [2] , where l is the lepton or for hadronic collisions as h-h → X [3] , where h is the hadron or for hadron-nucleus collision as h-A → X [4] , with A being the nucleus. X in the final state of these reactions represents any number of particles, produced due to the gluon-gluon, quark-quark and quark-gluon interactions between the constituent quarks and gluons of the colliding particles. The produced particles can be the baryons (state), mesons (qq state) or leptons. Simplest but the most significant observation to describe the mechanism of particle production is the observation of charged particle multiplicity [5, 6] and the distribution of number of particles produced, known as multiplicity distribution [7] . Multiplicity distribution, MD, also carries important information about the correlations of particles produced, thus providing a very fine way to inquest the dynamics of the quark-quark, gluon-gluon and quark-gluon interactions.
Collision or interaction of two particles is generally described in terms of cross-section which is calculated by measuring the number of particles produced. The cross section essentially gives the measure of the probability of production of particular number of particles. The multiplicity distribution is defined in terms of probability by the formula; * Electronic address: sandeep.sharma.hep@gmail.com
where σ N is the cross section for production of 'N ' number of particles and σ total represents the total cross section of interaction at center of mass energy √ s. Experimentally this probability, P N , is obtained from the number of charged particles produced at specific multiplicity, N ch and the total number of particles produced during the collisions, N total . The multiplicity distribution, MD, obeys conventional Poisson distribution [8] if there is no correlation between the particles produced i.e. particles produced are exclusive and independent of each other [9] . The presence of any kind of correlation amongst the particles leads to the deviation from Poissonian form. Higher order moments and its cumulants are the precise tools to study the correlation between the particles produced in these interactions [10, 11] .
In the last few years Tsallis model [12] has been used successfully in describing the MDs in hadronic and leptonic collisions for different collision energies. Recently we have analysed the e + e − , pp andpp collisions at different energies by using the Tsallis model [13] [14] [15] [16] . In the present study we use the Tsallis approach to measure correlations between the particles produced in both leptonic and hadronic interactions at energies ranging from few GeV upto the LHC energies. Additionally the dependence of the average multiplicity on centre of mass energy is also studied. Results from the Tsallis model are compared with experimental values. In section II we give brief description of moments and the formulation to calculate the higher order moments. Section III gives the details of the data used and results obtained from the Tsallis model and its comparison with the experimental values. Discussion and conclusion are presented in section IV.
II. MOMENTS
Multiplicity distributions at low energies ∼ 10 GeV for leptonic and hadronic collisions such as e + e − or pp, could be described very well using Poisson distribution [8, 17] . In such cases, dispersion, defined by D = √ < N 2 > − < N > 2 , is related with the average multiplicity < N >. The multiplicity distributions exhibited a broader width at higher energies showing the significant deviation from the Poissonian form. The correlation in the particles produced during the collisions was found to be responsible for the deviations. The shape of multiplicity distribution can be described well using the assumption that energy dependence of multiplicity distribution at higher energies could be formulated using the average multiplicity. To explain the energy dependence of multiplicity, Koba, Nielsen and Olesen [18] in 1972 proposed the scaling relation for multiplicity distributions known as KNO scaling. It is the theory of universal scaling for multiplicity distributions in the asymptotic limit of energy. The energy dependence of the dispersion defined by relation D ∝ < N > implied the compliance of KNO scaling. But few years later violation of KNO scaling was observed by UA5 collaboration while analysing the multiplicity data at √ s = 540 GeV [19] obtained frompp collisions. Later on it was shown by the collaboration that KNO scaling was violated even at √ s = 200 GeV [20] . Higher order moments and its cumulants are the precise tools to study the correlations between the particles produced in collisions [21, 22] . The departure from independent and uncorrelated production of particles can be measured well using the factorial moments, F m [23] . Not only the correlation between the particles but the violation or holding of KNO scaling at higher energies can also be studied and understood correctly by using the normalized moments of order m, C m [24] . These moments are defined as;
The factorial moments and their cumulants, K m , are near to precise in defining the tail part of distribution where events with multitude of particles give a meaningful contribution. The factorial moments and cumulants are related to each other by the relation;
Factorial moments exhibit the features of any kind of correlation present between the particles and cumulants of order m illustrate absolute m-particle correlation which can not be brought down to the lower order correlation. In other words, if all m particles are related to each other in m th order of cumulants, then it can not be divided in to disconnected groups i.e. m particle cluster can not be split in to smaller clusters. These moments and their dependence on energy √ s help in improving, redefining and rejecting various Monte-Carlo or statistical models which can be used in describing the production of particles at high energies.
A. Tsallis Distribution
Tsallis statistics [12] uses the concept of non extensive nature of entropy which is the modification of the usual Boltzman-Gibbs [25] and is given by;
where P a is the probability associated with microstate a and sum of the probabilities over all microstates is normalized; a P a = 1. For the entropic index q with value q > 1, 1 − q measures the departure of entropy from its extensive behaviour. The probability distribution function in the case of Tsallis q-statistics is defined using the partition function Z as,
where Z represents the total partition function and Z
N q
represents partition function at a particular multiplicity. For N particles, partition function can be written as;
n represents the gas density, V is the volume of the system and v 0 is the excluded volume. The generating function of the distribution plays an important role in providing the physical information of the multiplicity distribution. The generating function for multiplicity distribution is related to the probability as;
and can be obtained by using the expression of probability distribution function as given by;
The Tsallis probability generating function has the same form as that of Negative Binomial distribution
]) with average of number of particlesN for Tsallis probability as;
where λ is related to the temprerature through parameter λ as;
More details about the calculations can be found in references [16, 26] 
B. Moments of the Tsallis Distribution
The normalized moments of order m of the Tsallis disribution can be calculated through the average number of particles using C m = <N m > <N > m , where average multiplicityN = < N >. The factorial moments are defined as;
where G(t) is the generating function of the Tsallis distribution defined by equation (9) . The factorial moments are related to the normalised moments and can be written in the terms of C m . The first five factorial moments are;
Experimental data of proton proton collisions from CMS experiment at Large Hadron Collider and the data of e + e − annihilation at different collision energies from the OPAL and L3 experiments are analyzed. The pp data are analysed at √ s = 0.9, 2.34, 7 TeV in the restricted pseudo-rapidity windows of |η| < 0.5, 1.0, 1.5, 2.0, 2.4 [27] . The leptonic data from the L3 and OPAL experiments at √ s = 91 to 206 GeV [28] [29] [30] [31] [32] in the full phase space are analysed. Various analyses on the multiplicity distrubtions using these data have been done by us previously and results can be found in the references [13] [14] [15] [16] . In the following sections results of the moments and average multiplicities obtained using the Tsallis statistics at different energies are discussed
A. Average Multiplicities
The energy dependence of mean charged multiplicity < N > is expected to reflect the underlying particle production process. A number of phenomenological models have been proposed to describe the behaviour of mean charged multiplicity with energy. One of the most widely accepted relations which describes the multiplicity as a function of energy √ s is [33] ;
We calculate the values of average charged multiplicity from the Tsallis model and compare with the experimental values for e + e − collision data and for pp collision data. The < N > calculated from the Tsallis model are given in Tables I & II . The values are found to be in good agreement with the experimental values taking the errors in account. Figure 1 shows the comparison of < N > values from the data and the Tsallis model for e + e − collisions at different centre of mass energies, with √ s expressed in GeV. The data are also fitted to the equation (15) as given below; For data:
For Tsallis Model:
In case of pp collision data the extreme pseudo-rapidity regions, |η| < 0.5 and 2.4 are chosen because of availability of < N > values for these pseudo-rapidities only. 
Using Tsallis model the average multiplicity is predicted for e + e − interactions at √ s = 500 GeV in full phase space and for pp interactions at 14 TeV for pseudo-rapidity range, |η| < 2.4.
For e + e − interactions at √ s = 500 GeV the value of average multiplicity < N > is found to be 43.53 ± 3.79. Where as for pp collisions the value of < N > at √ s = 14 TeV at |η| < 2.4 is found to be 36.18 ± 3.21.
B. Moment Analysis
The Tsallis gas model has been used to calculate the moments in order to understand the correlation of the final particles produced during the interaction process. The Tsallis distribution calculated from equation (6) is fitted to the experimental data on multiplicity distributions at each of the energies. The multiplicity distribution obtained from the Tsallis model is then used to calculate the moments of the distribution using equations (2) and (3). Figure 3 shows the dependence of normalised and factorial moments on the centre of mass energy √ s, calculated by using i) the Tsallis model and also ii) experimental distributions for e + e − data. The values of these moments are compared with the experimental values and are listed in Tables III and IV . It is observed that the F m and C m moments in each case is non-zero and remains nearly constant with energy.
Moments are also calculated for the pp collisions using the CMS data at different pseudo-rapidity intervals. The dependence of normalised moments, C m and factorial moments, F m on the pseudo-rapidity, |η| at a given energy and dependence of C m and F m on energy, √ s at a given pseudo-rapidity interval are shown in figures 4-7. Figures 4-5 show the dependence of the normalised and factorial moments on the pseudo-rapidity intervals at the given energy [27] . The value of C m decreases with increase in the pseudo-rapidity interval at a given energy. This decrease is clearly visible for C 5 because of its large values. But in the case of factorial moments, value of F m remains the same within limit with increase in pseudo-rapidity interval as shown in figure 5 . Moments obtained from the Tsallis distributions at these pseudorapidity intervals at various energies are compared with the CMS experimental values and are given in Table V . It is found that at each set of pseudo-rapidity intervals the values of both the moments C m and F m increase with increase in centre of mass energy, √ s as shown in figures 6-7 . The values of the moments obtained using the Tsallis distribution are found to be in good agreement with the experimental values in both the cases of leptonic and hadronic collisions. In both kinds of interactions it is found that the factorial moments are larger than unity which indicates the presence of correlations amongst particles and deviation from the independent production mechanism.
In the case of leptonic interactions it is found that the values of normalised moments C m and factorial moments F m are independent to the centre of mass energy and remain constant with increase in √ s within energy range of 91 to 206 GeV. However in the case of hadronic interactions both type of moments increase with increase in √ s whereby the range of √ s extends from 900 GeV to 7 TeV. These results clearly point toward an understanding of behaviour of produced particles. This also indicate the violation of KNO scaling at larger energies. But no violation of KNO scaling is observed at lower energies as indicated by the study of leptonic interactions. 
IV. CONCLUSION
Detailed analysis of the data on electron-positron annihilation at energies √ s = 91 to 206 GeV and proton proton collisions at √ s= 0.9 to 7 TeV in various pseudorapidity regions has been done by using the Tsallis distribution. The particle production in such interactions is not un-correlated. The dynamical fluctuations arising due to random cascading processes in particle production can lead to correlations amongst the particles. The study of higher-order moments of the distributions serves as a very important tool to understand these correlations. The deviation from independent production can be under-stood if the factorial moments are larger or smaller than unity. The violation or holding of KNO scaling at higher energies can also be studied and understood correctly by using the normalized moments. The KNO scaling implies the energy independence of these moments whereas energy dependence of these moments reflects the KNO scaling violation. The normalised and factorial moments have been calculated using the Tsallis − collisions at √ s = 500 GeV and for pp collisions at √ s = 14 TeV in pseudo-rapidity region |η| < 2.4. In one of the previous studies the value of average multiplicity at √ s = 13 TeV at pseudo-rapidity region |η| < 2.4 was predicted by using the Weibull model by A. Pandey et al. [24] . The < N > value predicted by the Tsallis model at √ s = 14 TeV at pseudo-rapidity interval |η| < 2.4 is found to be consistent with the value predicted by the Weibull model [24] . The study of moments of multiplicity distributions and dependence of average multiplicity on the energy provides interesting features of particle production and helps in understanding the mechanism of particle production at higher energies. It will be interesting to study the behaviour of particles produced at higher LHC energies ( √ s > 13 TeV) in future with the Tsallis model. 
